Patent Abstracts of Japan 



FRin PatenttRechtsanw Fax +49-2932-976122 

EUROPEAN PATENT OFFICE 



8 Aug 2007 15:d3 P006/02D 



PUBLICATION NUMBER 
PUBLICATION DATE 

APPLICATION DATE 
APPLICATION NUMBER 



: 2001332810 

; 30-11-01 

: 23-05-00 

: 2000151469 



APPLICANT : FUJI PHOTO FILM CO LTD; 

INVENTOR ; MATSUMOTO KENJI; 

INT.CL. : HOIS 5/14 H01S 5/22 H01S 5/343 

TITLE : LASER DEVICE 




ABSTRACT 



PROBLEM TO BE SOLVED: To oscillate a laser light stably in a fundamental transverse 
mode with high output in a laser device. 

SOLUTION- This laser device is provided with a gain medium 10 composed of plural 
Lm^I,Suctor ayers containing an active layer generating optica ga.n by current 
fn^rtion an da concave lens 20 as an optical member disposed at the ga.n medium. A 
Sresonl" is consJtuted of a first reflecting surface 17 formed on an end surface 
vert'ca! to thtX layer of the gain medium 10. and a second reflecting surface 21 

andCcurJaturToX second rrtleOing surface, In order that the optical densKy on a 
Sht out^rind eudaoe 18 of me gain medium 1 0 may not become too large and the 
fundamental transverse mode may oscillate. 
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;i_AIMS 



rof^t n^ldLm S ihe other end aide which counters. Laser equipment characterized by the wavegu.de way of 
Tj^Mt^^^^ was equipped with the optical unit which constituted the --^^-^^^ ^^^^^^^^ ^ 
asic horizontal microfiche oscillation with said first reflective surface and -^^f^^^/ .^^^^J^^^^^^ 
urface on which catoptric light is made to converge, and was produced by sa.d Mrtsutosh. profit being what 

^::^t^tX:::^oor^., to daim ^ characterized by the f.eld used as said waveguide way of said 
rofit medium being what has permeability to the laser wavelength to oscillate. • j + u„ 

"1 al uTer equipment acoordine to claim 1 or 2 oh,r,ct.rized by no, fornning the wavegu,d. way structure by 
refrKtiye-indM diffarance in the field used as said wavajufda way of said profit medium, 
itim 41 Laser equipment aooording to claim 3 characterized by preparing the layer for negating the f'fby 
f dwlnce of rreJractiv, index of said active layer and said semiconductor layer which sandwiches this 



't?m SlTaser equipment given [ Claim 1 characterized by being that in which said optical unit has the function 
n which light is convergedin the thickness direction rather than the cross direction of sa.d act.ve layer to ] .n 4 

Dlaimt]"La?er equipment according to claim 5 characterized by being that on which the ^"5^^^^":^ ^ . 

icond reflective surface converges the light reflected in this second reflective surface .n the thckness d.recfon 

ither than the cross direction of said active layer. 

fZ l] Laser equipment according to claim 5 which said optical unit is equipped w.th a cyhndncal between 
aid profit medium and said second reflective surface, and is characterized by the curvature of sa.d second 
iflective surface being isotropic. , r ^ - i 

3laim 8] Laser equipment given in the Claim 5 clause which said optical unit is equipped w.th a cylindrical side 
stween said profit medium and said second reflective surface, and is characterized by the curvature of sa.d 

scond reflective surface being isotropic. ... . 

:iaim 9] Laser equipment given [ Claim 1 characterized by having the structure of pouring .n current only to the 
aid corresponding to said waveguide way among said active layers to ] .n 8 any 1 clauses. 

ETAILED DESCRIPTION 



)9tailed Description of the Invention] 

?e°d''of the Invention] About laser equipment, in detail, this invention uses the semiconductor device equipped 
ith the active layer as a profit medium, and relates to laser equipment equipped with the external resonator 
Tucture by the end side of this profit medium, and the reflective surface prepared outside. 

)e° cHption of the Prior Art] A semiconductor laser has come to be widely used now using the character which 
ser light can condense to a diffraction limit as the light source for optical communications, and a light source for 
itical disk units. However, if it is the light emitted fi-om a semiconductor laser, it cannot condense to a 
ffraction limit altogether, and in the outgoing radiation end face of a semiconductor laser, the light to which the 
lase is equal, i.e.. the light which is emitting light by basic horizontal microfiche, can condense to a d.fft-action 
nit In the state where not only basic horizontal microfiche but high order horizontal microfiche is intermingling 
id emitting light on the other hand and where the light of various phases is intermingled, it cannot condense to a 

ffraction limit. ,. 
003] Generally, the more basic horizontal microfiche operation makes a luminescence cross-section area small, 
■e more becoming stable is known widely. Therefore, when the semiconductor laser which carries out a basic 
. )rizontal microfiche oscillation is constituted, the size of the waveguide way is designed and manufactured at 
)out 2-4 micrometers crosswise [ of 1 micrometer or less and a luminous layer ] in the thickness direction, 
specially the thing that manufacture becomes more possible at the high yield about the element which emits 
:ht by basic horizontal microfiche stably as the width of the cross direction of a luminous layer is narrowed as 
ze of a waveguide way is known experientially and widely. 
004] 
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rPr-Oblem to be solved by the invention] However, narrowing the cross direction and narrowing a luminescence 
cross-section area, in order to carry out a basic horizontal microfiche oscillation w.ll cause ,nev,tably the nse of 
the optical density in the outgoing radiation end face of a semiconductor laser. Increase of the optical density m 
this outgoing radiation end face causes degradation of the component of a semiconductor laser, and becomes on- 
factor which shortens the life of an element. That is, since end-face degradation arises by increase of optical 
density, it is difficult to obtain high power in a semiconductor laser with a narrow luminescence cross-section 

[0005] Considering it as the structure equipped with the large waveguide way of the width of 50 to 100 
micrometer crosswise [ of the active layer ] as one method for attaining high-output operation on the other hand 
is mentioned. Since the cross-section area of a waveguide way becomes large, the optical density tn an end face 
becomes low. degradation of an element end face is suppressed and the high power of it becomes possible. 
However, if it is a waveguide way broad in this way. a basic horizontal microfiche oscillation wit! not become but 
will turn into a multi-mode oscillation. . ^ u l- u 

[0006] A$ mentioned above, the operational stability by basic horizontal microfiche is obtained by making the 
cross-section area of an active region small, and. on the other hand, increaseHzation of optical power is obtainec 
by making the cross-section area of an active region large. Therefore, it was very difficult to attain 
simultaneously stabilization of basic horizontal microfiche, and the high increase in power of optical power. 
[0007] This invention is made in view of the above-mentioned situation, and aims at offering stably the laser 
equipment which oscillates laser light by high power at basic horizontal microfiche. 

[0008] . 
[Means for solving problem] The profit medium which the laser equipment of this invention consisted of two or 
more semiconductor layers containing the active layer which produces the Mitsutoshi profit by current pouring, 
and equipped the end side perpendicular to said active layer with the first reflective surface, Have been arranged 
to the exterior by the side of said one end side of said profit medium, and the other end side which counters. It 
has the optical unit which has the second reflective surface on which the catoptric light which constitutes the 
resonator which carries out a basic horizontal microfiche oscillation with said first reflective surface is made to 
converge, and the waveguide way of the guidance light produced by said Mitsutoshi profit is characterized by 
being what is determined by said resonator. 

[0009] That is. the laser equipment of this invention uses a semiconductor device as a profit medium, and 
constitutes a resonator by the external mirror (optical unit which has the second reflective surface) prepared in 
the end side and the exterior of the semiconductor device. 

[0010] In addition, as for the field used as said waveguide way of said profit medium, it is desirable that it is what 
has permeability to the laser wavelength to oscillate. 

[001 1] moreover, [ the field used as said waveguide way of said profit medium ] It is desirable not to form the 
waveguide way structure by a refractive-index difference, and in order to consider it as the structure which does 
not form the refractive-index waveguide way by the internal structure of a profit medium in this way, it is good tc 
prepare the layer for. for example, negating the effect by the difference of the refractive index of said active laye 
and said semiconductor layer which sandwiches this active layer. 

[0012] Moreover, rather than the cross direction of said active layer, it may be desirable that it is what has the 
Function which converges light in the thickness direction, it may consist of a single light element, and said optical 
unit may consist of combination of what kind of light element. What specifically converges the light reflected in 
the curvature of said second reflective surface in this second reflective surface in the thickness direction rather 
than the cross direction of said active layer. It has a cylindrical lens between said profit medium and said second 
reflective surface, the curvature of said second reflective surface Is equipped with a cylindrical side between an 
isotropic thing and also said profit medium, and said second reflective surface, and what has the isotropic 
curvature of said second reflective surface is mentioned. 

[0013] In addition, it is desirable to have the structure of pouring in current only to the field corresponding to sal 
waveguide way among said active layers. Although not only the field that is completely in agreement with a 
waveguide way but a part of its circumference is included only "to the field corresponding to said waveguide 
way it means not being what pours current into the whole active layer. 
[0014] 

[Effect of the Invention] The profit medium by which the laser equipment of this invention consists of a 
semiconductor device equipped with the active layer, The reflective surface of the optical unit allotted to the en. 
side and the exterior of the profit medium constitutes a resonator. Since the waveguide way of the guidance ligh 
which oscillated by basic horizontal microfiche with this resonator, and was produced by the Mitsutoshi profit In 
the inside of a resonator is also what is determined by this resonator, Since basic horizontal microfiche can be 
oscillated easily uniquely and the cross-section area of the waveguide way in an optical outgoing radiation end 
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' ace can be easily extended like the conventional semiconductor laser element as compared with the case where 
waveguide way and horizontal microfiche are determined by the semiconductor internal structure, a high-output 

scillation can be carried out. . , ^ 

D015] A basic horizontal microfiche oscillation is enabled maintaining optical density low without a waveguide way 
eing limited by the internal structure by being what has permeability to the laser wavelength which the field used 
s said waveguide way of said profit medium oscillates. , r • 4.u 

3016] Since a waveguide way is not determined by the structure inside a profit medium by not forming the 
waveguide way structure by a refractive-index difference in the field used as said waveguide way of said profit 
medium, a basic horizontal microfiche oscillation is enabled maintaining optical density low. i.. , ^ ^ . 

D01.7] Moreover, since said optical unit can centralize light to the active layer formed general very thinly by being 
/hat has the function which converges light in the thickness direction rather than the cross direction of said 
ctive layer, the Mitsutoshi profit can be obtained efficiently and a high-output oscillation becomes possible more 

asily. . . . . 

D018] By having had the structure of pouring in current only to the field corresponding to said waveguide way 
mong said active layers, the Mitsutoshi profit can be efficiently produced in the field used as a waveguide way as 
ompared with the case where current is poured into the whole active layer 

sAode for carrying out the invention] With reference to Drawings, the form of concrete operation of this invention 

i explained hereafter. u- u ■ 4.u 

3020] Drawing 1 is the perspective view showing the outline composition of the laser equipment which is the 
)rm of operation of the first of this invention. The profit medium 10 which consists of two or more 
emiconductor layers containing the active layer in which this laser equipment generates the Mitsutoshi profit by 
urrent pouring. It has the concave lens 20 which is the light element which countered the profit medium and was 
lade to install, and the laser resonator is constituted by the reflective surface 17 currently formed in the end 
ide perpendicular to the active layer of the profit medium 10, and the reflective surface 21 of the shape of 
oncave of the concave tens 20. a • 

)021] First the profit medium 10 which is a semiconductor device is explained. This profit medium 10 consists of 

n-GaAs current prevention layer 14 formed between the n-GaAs board 1 1, the profit layer 12 which consists of 
n InGaAs quantum well active layer which generates the Mitsutoshi profit on the wavelength of 980nm. the p- 
iaAs up layer 13, and this up layer 13. In addition, the profit layer 12 may be equipped with the distorted relief 
lyer etc. in addition to the active layer In laminating each layer on a substrate, a vapor phase epitaxy method 
nd a photo lithography process are used. In addition, a substrate 11. the up layer 13, and the current prevention 

yer 14 are taken as a transparent material to a laser oscillation wavelength. 

)022] After forming the above semiconductor layers, in order to pour current into the profit layer 12, the n side 
lectrode 15 and the p side electrode 16 are formed in the substrate 11 and up layer 13 side, respectively. 
loreover, let thickness of a substrate 1 1 and the up layer 13 be the value which the optical beams formed by the 
slow-mentioned laser resonator are scattered on electrodes 15 and 16. and does not produce optical loss. For 
xample, the diameter of an optical beam is 100. It will be each thickness if it mum Becomes 100 It is considered 
3 mum grade. 

)023] Next, an element is started by using the cleavability of a crystal. Under the present circumstances. 
/ forming a nonreflective film in a one end side among the cleaved surfaces which constitute two end faces 
hich counter In the high reflective film in the wavelength corresponding to laser light, and an other end side, 
ake a one end side into the first reflective surface 1 7 which constitutes a laser resonator, and let an other end 
de be the optical outgoing radiation end face 18. Moreover since this profit medium 10 generates heat by 
jrrent pouring, it reak** the substrate 1 1 side to the heat sink which is not illustrated using conductive brazing 
aterials (In etc.). And a wire bond is performed to an element and it is considered as the structure in which 
jrrent pouring is possible. 

1024] Drawing 2 is an hi line sectional view shown in drawing 1 . and is a sectional view in the part in which the 
jrrent prevention layer 14 was formed. Beam pattern 100 in which the waveguide way of the optical beam 
rmed by a resonator here is shown It is shown. The current prevention layer 14 is formed in order generate a 
'ofit efficiently all over a waveguide way and to limit a current pouring field, and it has a current pouring window 
•r this current pouring. This window may be a stripe-like and is the beam pattern 100. You may be formed in the 
)read at last so that it may meet, but it is especially the beam pattern 100. Since the way of spread form can 
jnerate a profit more efficiently at last so that abbreviation coincidence may be carried out, it is desirable. 
•025] On the other hand, the high reflective film in the wavelength corresponding to laser light or the low 
flective film is formed in the concave 21 used as the second reflective surface of a laser resonator, and. as for 
le concave lens 20, the nonreflective film in the wavelength corresponding to [ on the other hand ] laser light in 
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22 used as a laser light emission plane of fire is formed. In addition, the reflectance of the reflective film formed 
concave 21 is not decided according to the profit generated by a profit medium, and when a profit is not large, it 
is necessary to make it into high reflectance. 

[0026] By pouring current into the profit layer 12. a profit occurs in the quantum well active layer which consists 
of InGaAs, and the guidance light produced by this profit amplifies and carries out the laser oscillation of this 
laser equipment within a resonator. 

[0027] The plane (the first reflective surface) 17 formed in the end side of the profit medium 10 in this laser 
equipment. The resonator is constituted by the concave (the second reflective surface) 21 prepared in the 
exterior of this profit medium 10. resonator length can be easily adjusted with the position of the second 
reflective surface 21 established In this exterior, and the thing of the various curvature also as a concave lens 2( 
can be chosen suitably, and can be used. 

[0028] [ each layer which constitutes the profit medium 10 as mentioned above ] It consists of a transparent 
material to the laser oscillation wavelength, and since an inside is not equipped with the refractiveHndex 
waveguide structure by a refractive-index level difference, the waveguide way of an optical beam is determined 
by the curvature of the concave 21 of the resonator which consists of a reflective surface of two sheets 
especially resonator length, and the concave lens 20. 

[0029] In the semiconductor laser element equipped with the conventional refractive-index waveguide structure, 
although an optical beam is limited in a narrow waveguide way. since a waveguide way is formed in the laser 
equipment of this invention only depending on resonator structure as mentioned above, the optical density in the 
optical outgoing radiation end face 18 of the profit medium 10 becomes low. Since optical density is low. 
degradation of a profit medium component is not caused, but the output of a high-output light is attained. 
[0030] Moreover, since horizontal microfiche is controlled by the waveguide way and a waveguide way can be 
conventionally appointed by the curvature of resonator length and concave here, each value is chosen so that 
luminescence by basic horizontal microfiche may be performed as curvature of this resonator length and concave 
Thereby, a basic horizontal microfiche oscillation is attained easily. 

[0031] In addition, in this laser equipment, the length of the direction of resonator length of a profit part could be 
1mm, and it was able to oscillate without the abnormalities in an optical power-current characteristic top to 1W 
on the oscillation wavelength of 980nm. Moreover, there is also no disorder of nearsightedness good optical 

power was obtained, and stable optical power was actually able to be obtained at the time of system loading. 
[0032] Although the concave lens 20 was used as a light element in the form of implementation of the above firsi 
and what made concave of **** the resonator side was used, laser tight will not be restricted to this, if it is the 
optical unit which can resonate by basic horizontal microfiche. For example, a planoconvex lens can also be used 
as another light element The profit medium 10 at the time of using the planoconvex lens 120 for drawing 3 and 
the sectional view of a planoconvex lens are shown. The plane 121 side of the planoconvex lens 120 is allotted tc 
the side near the profit medium 10, and the nonreflective film to the wavelength of laser light is formed in this 
field. On the other hand, the low reflection or high reflective film to the wavelength of laser light is formed in a 
convex 122. and this field is made into the second reflective surface of a resonator. A convex 122 is concave, in 
view of the profit medium 10, and the same effect as the case where the above*-mentioned concave lens 20 is 
used is acquired. 

[0033] Next, the laser equipment of the form of operation of the second of this invention is explained Drawing 4 
is the perspective view showing the outline composition of the laser equipment which is the form of operation of 
the second of this invention. Here, this agreement is given to an element equivalent to the laser equipment of th< 
first embodiment and detailed explanation is omitted. 

[0034] The profit medium 30 which consists of two or more semiconductor layers containing the active layer in 
which this laser equipment generates the Mitsutoshi profit by current pouring, It has the concave lens 40 which i 
the light element which countered the profit medium and was made to install, and the laser resonator is 
constituted by the first reflective surface currently formed in the end side perpendicular to the active layer of th 
profit medium 30, and the second reflective surface formed in the concave of the concave lens 40. 
[0035] Although the profit medium 30 is the same as the profit medium 10 used in the first embodiment of the 
above almost the thickness of up layer 13' is thinly formed with about 10 micrometers. Moreover, when the profi 
medium 30 is mounted in a heat sink 50, an up layer 13' side is mounted. Here, the thickness of up layer 13' is 1C 
micrometers, and even if it compares with the case of the first embodiment, since it is very thin, the profit layer 
12 becomes close to a heat sink 50. and it can radiate heat efficiently. Therefore, characteristic degradation by 
generation of heat can be controlled. 

[0036] The concave lens 40 has curvature which is different in the lengthwise direction and transverse direction, 
and it is arranged so that light may be made to converge in the thickness direction rather than the cross directic 
of the profit layer 12 focusing on the profit layer 12. The low reflection or high reflective film to the wavelength c 
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iser Hght is formed in the concave 41 of this concave lens 40. this concave 41 constitutes the second reflective 
urface of a resonator, and the nonreflective film [ as opposed to / on the other hand / the wavelength of laser 
ght in 42 ] used as a light emission plane of fire is formed. It shall have curvature which can form flat optical 
earn- form in the optical outgoing radiation end face 18 of a profit medium, is set to 100 micrometers crosswise 
of the profit layer 12 ], and becomes the flat optical beam form of about 10 micrometers in the thickness 
irection in the optical outgoing radiation end face 1 8 by this concave lens 40 here. 

D037] Since it becomes the profit layer 12 with the diameter of an optical beam thin in the thickness direction of 
pposite Perilla frutescens (L) Britton var. crispa (Thunb.) Decne. as mentioned above, even if it i-s the thin thing 
fhose thickness of up layer 13' is about 10 micrometers, the fall of the optical power by dispersion of the light by 
n electrode is not produced. Moreover, since [ being enough ] the optical beam is as thin as 10 micrometers or 
5SS in the thickness direction of the profit layer 12. and an interaction can be carried out the thin active layer 
fhich is the source of a profit can obtain sufficient profit, and the output of a further high-output light of it is 
ttained. In addition, by forming an up layer thinly, the time concerning the crystal growth can also be shortened 
nd the cost of material gas can also be held down inexpensive. 

3038] Next, the laser equipment of the form of the third operation is explained with reference to drawing 6 , The 
iser equipment of this invention differs in the applied configuration of the second fruit and the composition of an 
ptical unit This agreement is given to an equivalent element and detailed explanation is omitted. 
3039] The optical unit 60 in this laser equipment consists of the concave lens 61 and the cylindrical lens 64 
quipped with the field used as the second reflective surface of a resonator, 

)040] The concave lens 61 is equipped with other sides 63 used as the concave 62 used as the second 
aflective surface of the resonator equipped with isotropic curvature, and a laser Idei side. The high reflective film 
r low reflective film in the wavelength corresponding to laser light is formed in concave 62, and. on the other 
and, the nonreflective film in the wavelength corresponding to laser light is formed in 63. 
)041] Moreover, as for the cylindrical lens 64, the nonreflective film in the wavelength corresponding to laser 
jht is formed in each side. 

)042] The curvature of the concave 62 of the concave lens 61 and the curvature of a cylindrical lens choose the 
urvature which makes light converge in the thickness direction rather than the cross direction to the profit layer 
2 in the optical system which combined each. Here in the optical outgoing radiation end face 18 of profit medium 
3', it is considered as curvature which is set to around 10 micrometers in the thickness direction of the profit 
yer 12, and serves as an about 1 00-micrometer diameter of an optical beam crosswise. 

)043] Although the optical unit 60 which consists of a concave lens 61 and a cylindrical lens 64 forms the same 
at diameter of an optical beam as the form of the second operation, it can consist of above-mentioned every 
rection inexpensive as compared with the case where the concave lens from which curvature differs is used. 
)044] In addition, the optical unit (light element) for forming flat optical beam form is not restricted to an above- 
entioned example. For example, you may use the lens which has a pillar side and a surface of a sphere. 
1045] The figure (b) which looked at the transverse cross section (a) and it in the profit layer 12 of the laser 
quipment at the time of applying a ball and the lens which has a pillar side to drawing 6 and 7 from the upper 
art is shown. 

1046] The light element 150 shown in drawing 6 has the section [ like / cylindrical / a part of] (pillar side) 151 
id the concave 1 52 of isotropic curvature, and it is allotted so that the pillar side 1 51 may become the profit 
edium 30 side. The nonreflective film in the wavelength corresponding to laser light is formed in the pillar side 
51, and a role equivalent to a cylindrical lens is played. Moreover, the high reflective film or low reflective film in 
le wavelength corresponding to laser light is formed in concave 152. and this concave 152 turns into the second 
:flective surface of a resonator. 

'047] As shown in drawing 6 (a) and (b), the pillar side 151 has curvature only crosswise [ of the profit layer 12 ]. 
yd this curvature is smaller than the curvature of concave 152. It fabricates so that it may be set to about 10 
icrometers by concave 152 in the thickness direction of the profit layer [ in / for the diameter of a beam / a 
ofit medium end face ] 12, and according to the pillar side 151. crosswise, the diameter of a beam shall be about 
)0 micrometers, as a spread is given crosswise- 

048] The light element 160 shown in drawing 7 has the section [ like / cylindrical / a part of] (pillar side) 161 
id the concave 162 of isotropic curvature, and it is allotted so that the pillar side 161 may become the profit 
sdium 30 side. The nonreflective film in the wavelength corresponding to laser light is formed in the pillar side 
i1, and a role equivalent to a cylindrical lens is played. Moreover, the high reflective film or low reflective film in 
e wavelength corresponding to laser light is formed in concave 162, and this field 162 turns into the second 
flective surface of a resonator. 

049] As shown in drawing 7 (a) and (b), the pillar side 161 has curvature only in the thickness direction of the 
ofit layer 12. and this curvature is convex curvature, in view of the profit layer 12 side. It fabricates so that it 
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maV become about 100 micrometers by concave 162 crosswise [ of the profit layer / In / for the diameter of a 
beam / a profit medium end face / 12 ]. and the diameter of a beam is further converged in the profit layer 12 
thickness direction according to the pillar side 161. and it is made to be set to about 10 micrometers in the 

thickness direction. . . ^-^ j. j 

[0050] These lenses that have a surface of a sphere and a pillar side like can be inexpensive constituted as 
compared with that to which curvature in every direction was changed in the concave lens. 
[0051] Now in the form of each above-mentioned operation, although there shall be no refract.ve-index 
influence generally an active layer differs in a refractive index from the substrate and up layer which support it. 
Moreover in order that a refractive index may change with the heat generated in the laser oscillation, and curren- 
pourings to an active layer, a refractive-index difference may arise between an active layer, and the substrate 
and up layer which support it. • • j ■ 

[0052] Then. ******** Lycium chinense for expecting the difference of these refractive indicees and negating 
the effect beforehand is desirable. The example of the profit medium at the time of preparing the layer for 
negating the effect by the difference of a refractive index in drawing 8 is shown with refractive-index distribution. 
Like illustration, when the refractive index of an active layer 143 is large compared with a substrate 146 and the 
up layer 140. the effect which accustoms a refractive index on the average and is produced according to the 
difference of a refractive index is negated by forming the layers 141 and 145 with a low refractive index between 
each layer. In addition, each layers of 140 and 146 are the up layer 140 and a layer of composition equivalent to a 
substrate \ 46 among a figure, respectively. 

[0053] In addition, in the form of each above-mentioned operation, although the internal current prevention 
method using PN junction of the semiconductor which makes a current prevention layer an up layer and the layer 
of reverse polarity was adopted, it is very good by forming a high resistance layer, for example in a method which 
restricts the flow of current. 

[0054] Moreover, in quantum well structure, the measure in connection with the improvement in performance in 
the conventional semiconductor laser element, such as preparing the confining layer of the can-ier which consists 
of two or more wells, and a distortion compensation layer, is applicable to the profit medium in the laser 
equipment of this invention. 

[0055] Moreover, although the structure of the semiconductor device which is the above-mentioned profit 
medium has described the case where n type board is used, p type board may be used for it and it should just 
reverse the conductivity of all above in this case. 

[0056] Furthermore, it is GaN although only the GaAs system semiconductor is described in the form of the 
above-mentioned implementation. A system and InP You may use a system and other semiconductors. 
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